The amount of food waste in China's catering industry is approximately 17 to 18 Mt per year (about 20% of total food losses). China's National Development and Reform commission has currently ratified 100 pilot cities in five batches over 2011 to 2015 to implement food waste treatment projects. Almost the 80% of these projects is based on anaerobic digestion. So it is very important to understand clearly which is the environmental impact of these new bioenergy chains (especially in the small scale). For this reason a Life Cycle Assessment case study is presented in this work, based on a 156 kWe anaerobic digestion plant, fed with waste food produced by 29 canteens, which are present in the campus of the Huazhong University of Science and Technology (HUST). The obtained results show that, respect to the reference scenario, the presented case study has lower environmental burden in all the considered impact categories. W hen the waste food is compared with other feedstock to produce biogas, the only negative impact is on the eutrophication category. About 0.00084 kgPO 4 3are emitted per kWhe produced. This negative impact is mainly due to the reuse of the digestate as soil amendment.
Introduction
China accounts for almost 20% of the world's population while the arable land rate is only 7% [1] . Meanwhile, a large amount of food is not consumed along the food value chain. For instance, the amount of food waste in China's catering industry is approximately 17 to 18 Mt per year (about 20% of total food losses), which is equivalent to 30 million to 50 million person-year rations [2, 3] . Thus, China recently has implemented a number of policies and laws promoting the comprehensive utilization of food waste [4] . Anaerobic digestion appears to be the most successful technology to convert waste food into a resource. About 80% of the food waste treatment projects in the pilot cities will integrate some form of Anaerobic Digestion technology, whether as a standalone treatment method or connected with other wasteto-resource processes such as composting and biodiesel production.
For the above said reasons it is very important to understand clearly which is the environmental impact of these new bioenergy chains (especially in the small scale). There have been some studies performed the Life Cycle Assessment (LCA) to evaluate the environmental effects of FW -based biogas system [5] [6] [7] . However, to the best of authors' knowledge there is no detailed LCA analysis of a small scale biogas plant applied to a University campus in China. Especially the aspect of waste transport optimization is not taken into consideration by the above cited studies (each of them assumes a constant distance of transport which has been roughly estimated).
Material and methods
The study is based on the methodology defined in the ISO 14044 and the ISO 14040 norms on LCA. To perform the study the OpenLCA software was used.
Goal and scope
The scope of an LCA includes system boundaries and functional unit determination. In this study the functional unit is "providing electricity". The system boundaries illustrated in Figure 1 determine which unit processes shall be included within the LCA.
In the specific case the processes contained inside the system boundaries can be classified in three main categories: upstream, core and downstream. The upstream processes comprise the collection of the waste food from each of the 29 canteens. Core processes are represented by the small scale anaerobic digestion plant. Then the downstream processes are represented by: digestate application in soil for nutrient release; transport of construction material to recycling facilities, electricity distribution. It is assumed that the digestate will be used as fertilizer in gardening operations inside the University campus.
Figure 1 System boundaries

Inventory analysis
This paper uses HUST (Huazhong University of Science and Technology), as an example of university campus in China.
Canteen waste food collection
HUST has a number of students equal to 61,700 and over 3000 teachers. The estimate of Canteen Food Waste production is based on the equation:
CFW=Q×n
(1)
Where CFW denotes the total quantity of canteen food waste. Q represents the average procapita production of food waste in Chinese canteens (expressed in kg/d/person), while n is the number of students and teachers (64700 in total). According to the work of Clercq et al. [4] , Q is 51 kg /year / person, so the total available CFW equals to 3,229.7 t. The daily availability is about 11 tons; considered that during the holidays there is no production (the collection will take place only during 300 days per year). So it has been assumed that the waste food will be collected daily by a truck of maximum capacity of 20 t. To calculate the collection route and identify the time necessary for this operation an Excel tool has been used. The Vehicle Routing Problem (VRP) Spreadsheet Solver has been developed at Bath University [8] . The objective function maximizes the total profit collected minus the travel cost of the vehicles, fixed costs and other penalties.
Biogas plant mass and energy balances
The composition of the cake and the effluent obtained from the anaerobic digestion plant was calculated using BioWin Software (EnviroSim Associates Ltd. Canada) [9] , the Anaerobic Digestion plant produces: 984 t of cake and 12,140 t of effluent, which have to be disposed. The composition of the cake and the effluent are reported in Table 1 . Details on the processes used to simulate the impact of the anaerobic digestion infrastructure are listed in Table2. Dealing with the digestate, it is assumed that this will be used as compost and soil amendment in gardening operations inside the campus. Once the digestate is inside the soil, the nitrogen contained in it will be transformed by soil microbia, generating air emissions (eg. dinitrogen oxide). When the digestate is mineralized into nitrates and nitrites, it will also undergone leaching. These phenomena are simulated using the PCR (Product Category Rules) of arable crops, available in the Environdec website (i.e. the website of the International EPD® System). 
Results
Transport optimization results
Using the VRP Solver developed by the University of Bath, the shortest route shown in Figure 2 was found. It is assumed to start the collection from the Depot (or the biogas plant installation), which in this case is coincident with canteen number 11.
According to the results of transport optimization, the total transport distance is 17.37 km. If we consider that the total quantity to be transported is equal to 3300 t per year, we can infer that the total transported quantity is 109,725 t*km (on an annual basis).
Figure 2
Transport path of collecting waste food
Life cycle assessment results
The impact on Climate Change of 1 kWh produced with waste food is mainly due to the digestate disposal operation, which accounts for about 79% of the total impact. This biggest impact is due to the production of dinitrogen oxide, due to the denitrification and nitrification processes in the soil. The impact on the Acidification category is mainly due to the treatment of the digestate, which is responsible of about the 90% of the total impact. The big impact of digestate disposal on Acidification can be explained with the release in air of ammonia, also caused by the degradation of the nitrogen contained inside the digestate, once this is incorporated into the soil.
The digestate use accounts for the 94% of the total impact on Eutrophication category. The impact of the digestate use is mainly due to the emissions of ammonia and dinitrogen oxide in the air; but also to the emissions of nitrates and phosphorus in the water. The emissions of ammonia, dinitrogen oxide, nitrates and phosphorus are respectively: 0.00119 kg/kWhe, 0.00010 kg/kWhe, 0.00179 kg/kWhe and 4.99077E-5 kg/kWhe. The emissions of biogas combustion in the ICE are responsible of the 88% of the total impact on Photochemical Oxidation (PO). The most important emission to cause Photochemical Oxidation is carbon monoxide. The core processes are responsible of the 95% of the total impact on PO. Table 3 presents a summary of the results obtained in this study. As it can be seen the digestate use as fertilizer in gardening in the campus green areas has a considerable impact on Climate Change, Acidification, Eutrophication and Photochemical Oxidation categories. impact of the reference system, that in this case is represented by the electricity mix in China and the production of inorganic fertilizers. It can be inferred from [10] [11] [12] [13] [14] [15] [16] that the impacts of the presented case study are always lower than the impact of the reference system. Dealing with Climate Change the proposed case has undeniable advantages. But also the impact of digestate use as soil amendment is relatively low, if compared to the impact on acidification and eutrophication of the production of electricity in China and the production of inorganic fertilizers.
Discussion
Conclusions
This work has presented a detailed impact analysis of the production of biogas using food waste collected in a University campus. The considered impact categories are: Climate change, Acidification, Eutrophication and Photochemical Oxidation; the obtained impacts are respectively: 0.039 kgCO 2 eq/kWhe, 0.00212 kgSO 2 eq/kWh, 0.00084 kgPO 4 3eq/kWh and 1.517E-5 kgC 2 H 2 eq/kWh. Respect to the reference scenario (represented by the Chinese electricity mix and the production of inorganic fertilizers containing nitrogen and phosphorus), the presented case study has a lower environmental burden in all the considered impact categories. When the waste food is compared with other feedstock to produce biogas the only negative impact is on the eutrophication category. This negative impact is mainly due to the reuse of the digestate as soil amendment.
